Introduction
Carbon monoxide and hydrogen cyanide are often found in fire atmospheres. These gases can incapacitate rapidly and thus render the victim unable to escape from the fire. High concentrations of carbon monoxide and hydrogen cyanide found in the blood of fire victims indicate a degree of survival in the toxic fire atmosphere. Concentrations may be sufficiently high in the blood to attribute death to carbon monoxide or hydrogen cyanide poisoning. The measurement of these substances in blood is quite straightforward but changes after death may raise or lower the cyanide concentration in the blood significantly. It is the impact of these processes that renders the cyanide level so difficult to interpret in many situations. This uncertainty in cyanide concentration may be responsible for the lack of correlation between cyanide and carboxyhaemoglobin concentrations in the blood of fire victims.
Carbon monoxide deaths may also occur following inhalation of exhaust fumes and cyanide deaths may follow ingestion of cyanide salts. The concentrations in blood and tissue in these circumstances may greatly exceed those encountered in fire death situations. Accepted for publication 25 May 1993 Carbon monoxide Carbon monoxide binds reversibly to haemoglobin to form carboxyhaemoglobin. The concentration is expressed as the percentage of haemoglobin saturated with carbon monoxide. Because carbon monoxide binds about 200 times more strongly than oxygen, a low level of atmospheric carbon monoxide will produce, given time, a comparatively high proportion of carboxyhaemoglobin, possibly with fatal results due to tissue hypoxia.
Carboxyhaemoglobin is normally present in the blood as the result of haem catabolism. Usually this level is less than 1 % saturation, but patients with haemolytic anaemia may have concentrations greater than 5%. Exogenous uptake of carbon monoxide is due almost exclusively to inhalation. Common sources are cigarette smoke, vehicle exhaust fumes, poorly maintained heating appliances and toxic smoke. Occupational exposure may result from the absorption of methylene chloride (paint stripper) and its metabolism to carbon monoxide.
Carbon monoxide is excreted almost entirely through the lungs, the half life being four to five hours. This may be reduced to 50 minutes by inhaling 100% oxygen, and to 22 minutes by inhaling hyperbaric (2-5 atmospheres) oxygen.
MEASUREMENT OF CARBON MONOXIDE IN BLOOD
Analysis of clinical blood samples should present no great difficulty provided that the method is sufficiently sensitive at low carboxyhaemoglobin saturations. Post mortem blood that is aged or putrefied may contain pigments that resist chemical conversion into components that are commonly measured by spectrophotometry; in these cases gas chromatography may be the only reliable method. The use of derivative spectrophotometry, however, reduces the effects of extraneous pigments and so makes the spectrophotometric approach more applicable to post mortem blood. Recent methods have used the Soret region where absorption is 10 times more intense than in the visible region, allowing smaller sample volumes to be used.' 2 Recommendation of spectrophotometric methods has proved a problem because my laboratory uses the IL 282 Co-oximeter and a gas chromatographic method. An evaluation of zero order and derivative spectrophotometric methods has recently been made, however,' and I have drawn heavily on this work. A gas chromatographic method is described because it provides greater sensitivity at low carboxyhaemoglobin saturations, and is the method of choice for aged and contaminated post mortem blood. Furthermore, it can be used to measure carboxyhaemoglobin concentrations in tissue in cases for which blood is not available. ZERO In this method only the absorption from carboxyhaemoglobin is measured. This absorption is sharper in the second derivative spectrum than in the zero order spectrum. The method is similar to that previously described and requires a spectrophotometer of little more complexity. The method is rapid and has been used for clinical and fresh post mortem blood.
With post mortem or aged blood the sodium dithionite must convert all methaemoglobin and oxyhaemoglobin to reduced haemoglobin and remove all oxygen from the diluent. The concentration and quality of the dithionite reagent is of critical importance. To ensure the integrity of the dithionite reagent it is recommended that sodium dithionite should be used from a tightly sealed container kept in a desiccator.
The powder should be weighed and diluted accurately for reproducible results. Dithionite should be exposed to air for as little time as possible before dilution and should be mixed in diluting solution and used immediately without excessive introduction of air at any stage during the analysis.
AUTOMATED DIFFERENTIAL SPECTROPHOTOMETRY
Instrumentation Laboratory (Warrington WA3 7PB) market a purpose-built instrument called the Co-oximeter. This is a convenient, rapid, and reliable method for determining carboxyhaemoglobin in clinical and all but the most grossly contaminated post mortem specimens.4 GAS CHROMATOGRAPHY All gas chromatographic methods rely on the liberation of carbon monoxide from a given volume of lysed blood by mixing it with a releasing agent. The carbon monoxide is released into a headspace and the volume is measured chromatographically. The volume of carbon monoxide that would be released from the saturated specimen can be measured directly or calculated from the haemoglobin or total iron content of the specimen. The carbon monoxide released may be measured by thermal conductivity detection or by flame ionisation detection. The reduction of carbon monoxide to methane and its subsequent measurement by flame ionisation detection has the advantage of increased sensitivity, useful in the measurement of low saturations of carbon monoxide from small volumes of blood.5 The method described here uses a thermal conductivity detector.6
Apparatus: A gas chromatograph fitted with thermal conductivity detectors and a gas sampling loop is required. The columns are 2 m x 4-6 mm in diameter, Molecular Sieve 5A, 80 (15 g ) are added and the volume is made up to 550 ml. Finally 5 ml of triton X-100 are added. The reagent is kept in a brown bottle at room temperature and is stable for three months. 3 Standard carbon monoxide mixture: 8% carbon monoxide in nitrogen; PS standard calibration gas mixture (Phase Separations Ltd, Deeside, Clwyd CH5 2NU).
Procedure: 1 Blood or control (1 ml) is mixed with 1 ml saponin solution for 10 minutes.
2 The solution is centrifuged for 15 minutes at 3000 rpm. 3 Supernatant fluid (1 ml) is transferred to a 5 ml disposable plastic syringe leaving a 1 ml air space. 4 Degassing reagent (3 ml) are added to a second syringe. 5 The two syringes are connected together by a short length of tight fitting plastic tubing. 6 All the contents are transferred to one syringe. 7 The two syringes, still connected, are rotated on a rotary mixer for 10 minutes. 8 The 1 ml air space is transferred to one syringe and is carefully injected into a gas sampling loop for injection on to the gas chromatograph. Losses and deadspace at this stage must be minimised if accurate results are to be obtained. 9 The haemoglobin in the remaining supernatant fluid is measured by the cyanmethaemoglobin procedure. 10 All specimens and controls are run in duplicate. Peaks elute in the order oxygen-nitrogencarbon monoxide. The retention time for carbon monoxide is about 5 minutes. The separation between carbon monoxide and nitrogen decreases as moisture is absorbed by the column; optimal separation may be restored by heating the column at 250°C with reduced carrier gas flow overnight.
Calculation:
The peak height (area) of the carbon monoxide is recorded for the specimen or control. This peak height is compared with the peak height of carbon monoxide in a standard gas mixture. It is clear that the gas chromatographic procedure is not quick to perform and is therefore not suited to emergency situations. Specialised equipment is required which may not be routinely available in the clinical laboratory. For the analysis of old and grossly contaminated blood or in the analysis of tissue when blood is not available, the gas 10 to 90%. Table 3 shows the concentrations found in cases of car exhaust suicide. These are higher than those in fire fatalities, suggesting that other agents in fire atmospheres have a role in bringing about death.
STORAGE OF SPECIMENS
Clinical specimens by their nature are analysed within a short time of receipt. It is always best to analyse post mortem specimens as soon as possible to reduce the effect of any changes in carboxyhaemoglobin concentrations during storage. Carbon monoxide can be lost from blood exposed to air, the loss depends on the area exposed and the volume of blood. Blood should be stored refrigerated in stoppered containers with a minimal headspace. If specimens are to be kept for some time they should be frozen.
EFFECTS OF PUTREFACTION
Experiments with dogs immersed in sea water for four days have shown that carboxyhaemoglobin concentrations are not substantially changed during decomposition. Other experiments with rats immersed in river water for one month have produced concentrations up to 19-8% carboxyhaemoglobin in blood. My experience in the analysis of badly putrefied blood is that production of carbon monoxide after death is uncommon.
PRESERVATION OF SPECIMENS
Clinical specimens should be collected into anticoagulant, either EDTA or heparin. To prevent the possible production of carbon monoxide in post mortem blood during storage it should be preserved with 1% sodium fluoride. Analysis of both anticoagulated and preserved blood in forensic cases is useful in interpretation. The possibility of site dependence of carboxyhaemoglobin saturations should be considered. Blood specimens should be annotated as to their source and be obtained from extremities, if possible, to avoid the effects of contamination from the gut.
Measurement of cyanide in post mortem blood following inhalation of toxic smoke Hydrogen cyanide gas is produced in toxic fire atmospheres by the combustion of nitrogen containing organic molecules. Fires with high temperatures and low concentrations of oxygen produce comparatively high concentrations of the gas. Inhalation of hydrogen cyanide presents the danger of a rapid "knock down" effect, preventing escape from the vicinity of the fire. Hydrogen cyanide exerts its toxic effect by disrupting electron transport in the mitochondrion; it inhibits cytochrome c oxidase, thus affecting cellular respiration.
Low concentrations of cyanide are found in the blood of normal people, mainly associated with the red cells. Its presence is due to normal metabolism, eating cyanide-producing food (for example, bitter almond kernels) and smoking cigarettes. The an outer well which is filled with water to act as a seal with the plastic lid. Four drops of 10% sulphuric acid should be added to the outer well to prevent hydrogen cyanide dissolving in the water seal. 2 Blood (2 ml), standard or blank, are added to the middle well.
3 0Q1 mol/l sodium hydroxide (2 ml) are added to the centre well. 4 Six drops of 10% sulphuric acid are added to the middle well, not directly into the blood, if possible. 5 The lid is placed on to the cell quickly. 6 The cell is rocked gently to mix the blood and acid. 7 Diffusion is allowed to proceed for 4 hours at room temperature.
COLOURIMETRIC PROCEDURE"
Apparatus: A dual beam spectrophotometer reading at 580 nm with 1 cm cuvettes is required.
Reagents: All reagents are Analar grade from BDH except chloramine T (Sigma Chemical Co) and barbituric acid (GPR grade). The fatal threshold for inhalation of hydrogen cyanide gas in fire fatalities is taken to be 2-70 mg/I. Table 4 shows the normal concentrations in fatalities. The normal concentrations measured by Anderson and Harland were measured in post mortem blood from fatalities not involving fire. Table 5 shows the cyanide concentrations in fire fatalities.
STORAGE AND PRESERVATION OF SPECIMENS
A prolonged period between death and postmortem may result in a substantial reduction of cyanide'4 due to the following processes: evaporation; thiocyanate formation; reaction with aldehydes and ketones; hydrolysis to form ammonium formate; transformation to aminomalonitrile.
These losses may continue during the storage of blood in the laboratory. Changes are minimised by storage at -20'C."5 Formation of concentrations up to 150 mg/l in blood has been observed,'6 attributed to production by micro-organisms. This can be prevented by preservation of blood with 1% sodium fluoride. In my view concentrations greater than 10 mg/l of cyanide observed in toxic smoke inhalation fatalities are due largely to postmortem production. 17 Blood should be preserved with sodium fluoride and kept frozen until analysis is performed.
EMERGENCY DETERMINATION OF BLOOD CYANIDE
The Conway Diffusion-Colourimetric method has been adapted'8 for emergency situations, using a diffusion time of 10 minutes. The authors indicate that 50-60% of cyanide is recovered in this time and suggest that the result is suitable to determine the need for treatment.
